Background: The use of self-report questionnaires to substitute for visual acuity measurement has been limited. We examined the association between visual impairment and self reported visual function in a population sample of older people in the UK.
Background
Visual acuity is a clinical measure of an individual's ability to perform specific visual tasks. Previous populationbased studies have shown that reduced visual acuity, so called 'visual impairment', is related to an individual's everyday task performance and self-reported difficulty with everyday tasks related to vision [1] [2] [3] . The National Eye Institute Visual Function Questionnaire (NEI-VFQ) was developed to give a self-reported measure of visual function. A 51-item questionnaire was originally devised in the US from focus groups of people with major causes of eye disease [4] . The questionnaire was later shortened to 25 items, based predominantly on the responses from those with eye disease and visual impairment, and also from a minority group without eye disease [5] . The shortened questionnaire has been validated and used to show that those with ocular disease and accompanying visual impairment have lower scores compared to a reference group without ocular disease or visual impairment [6] [7] [8] .
The use of self-report questionnaires to substitute for visual acuity measurement has been limited [9] , although the NEI-VFQ has been used in adult populations (aged 40 years or more) to show that those with visual impairment have lower scores compared to those without reduced visual acuity [10, 11] . However, concerns about the validity of certain sub-scales used in the NEI-VFQ and its range of measurement have been raised [12] . In addition, use of the NEI VFQ in non-US populations is limited, especially amongst older populations who are likely to experience higher levels of visual difficulties than younger age groups.
We have examined the association between responses to the NEI-VFQ and objective measures of visual impairment (based on established cut-offs in visual acuity). The extent of reported visual difficulties amongst an elderly population (aged over 75 years) in the UK is also described.
Methods
The study design is a cross sectional study of those who initially participated in the Medical Research Council's (MRC) trial of assessment and management of older people in the community. Details of the trial have been described in detail elsewhere [13] . In brief, 106 general practices from the UK Medical Research Council General Practice Research Framework were recruited to the trial. The sampling of practices was stratified by tertiles of Standardised Mortality Ratio (mortality experience of local area relative to national mortality) and Jarman score (an area deprivation measure indicator) to ensure a representative sample. Practices were randomised to two groups: targeted versus universal screening. In the universal screening group, all participants were invited to have a detailed health assessment by a research nurse that included visual acuity. All patients aged 75 years or over registered with participating general practices were included in the study, unless they were resident in a long stay hospital or psychogeriatric care facility or were terminally ill. People in sheltered or residential housing for the elderly were included. The examinations took place between 1995 and 1999. Three to five years later, as part of a nested trial evaluating the benefit of vision screening [14] , 4340 previously sampled participants from 20 general practices were selected at random. Of the 2875 who were still alive, 2589 (90%) were invited to have an assessment of their vision and complete the 25-item NEI-VFQ. Research nurses measured presenting monocular and binocular visual acuity (defined as using their habitual distance correction) on the logMAR scale using Glasgow acuity charts [15] . The 25 questions in the NEI-VFQ are grouped in 12 sub-scales (including general health, general vision, ocular pain, near activities, distance activities, social functioning, mental health, role difficulties, dependency, driving, colour vision and peripheral vision), as well as a combined total score (Table 1) . Each sub-scale was calculated according to the methods described by the NEI-VFQ developers and can range from 0 to 100, where 0 is the worst and 100 represents no disability related to vision (that is, ratings of excellent or no difficulty). Demographic data including age, gender, and socioeconomic status were also collected. Socioeconomic status was measured using the Carstairs deprivation index, where low scores represent those from areas associated with less privileged circumstances [16] .
In all analyses visual impairment was defined as a visual acuity equivalent to a Snellen acuity below 6/18 in the better eye (equivalent to the ICD-10 definition category 1 to 5) [17] ; reduced visual acuity below 6/12 in the better eye was also considered. Both better eye and binocular acuity (acuity measured with both eyes open) were considered; using better eye acuity allowed the influence of differences in acuity between the eyes to be examined. Causes of visual impairment were not routinely collected. The relevant local research ethics committees of the participating practices approved the study.
Statistical methods
Statistical analysis was performed using STATA (version 7) taking account of the clustered design of the study (i.e. general practice). All analyses were adjusted for age, gender, and general practice (fitted as a fixed effect to allow for between practice consulting behaviour and for geographical location). Logistic regression was used to examine whether the odds of visual impairment were related to age, gender, socioeconomic status, and NEI-VFQ scores. Age was divided into 3 groups (75 to <80, 80 to 85 and >85), Carstairs deprivation index into quartiles (a missing category of Carstairs deprivation index was also included). With the exception of general health, the majority of respondents reported 'no problems' (that is scores of 100) in the NEI-VFQ subscales (or good to excellent eyesight for general vision) and in the analyses the NEI-VFQ subscales were grouped into those reporting 'problems' versus 'no problems'. Self reported general health and the Total VFQ score were divided into quartiles (using the XTILE command in STATA). For the general health domain, this resulted in the responses 'excellent' and 'very good' being combined (as there were few responses to excellent health), to give a group defined as having no problems. The remaining responses were defined as having poor or moderate health or having few problems with general heath. Odds ratios comparing the baseline group reporting no problems with the remainder being split into 3 approximately equal sized groups were calculated. The independent influence of sub-scale scores on visual impairment was examined after adjustment for other scores (except driving due to the small proportion of drivers).
We also quantified change in NEI-VFQ scores and the proportion of the variability (R 2 values) in scores, attributed to age, gender, general practice, logMAR acuity in the better eye (as a categorical variable), binocular status (monocular or binocular) and difference in acuity between the eyes (as a continuous variable) using linear regression models. To normalise heavily skewed VFQ scores, an appropriate transformation was achieved by log transformation after adding a constant (using the LNSKEW command in STATA). This was only possible for general vision, near activities, and the total VFQ score. A similar procedure has been described elsewhere [8] .
Results
In total, 4340 older people from the 20 practices had participated in the initial health screen between 1995 and 1999. Three to five years later 1465 participants had died, 252 had moved away and 34 could not be traced. Of the 2875 surviving participants, 2589 (90%) were invited to a vision test, 1807 participated (70%), 670 refused (26%) and 112 (4%) were too ill. The mean age of participants was 83 years (77 to101 years); and the majority were female (64%). Complete data, including a measure of visual acuity and a completed NEI-VFQ, were available for 1785 participants. The prevalence of reduced visual acuity less than 6/12 in the better eye was 33% (n = 585/1785), and 14% (n = 243/1785) for visual impairment (defined as visual acuity less than 6/18 in the better eye). The cause of visual impairment was only available for an unrepresentative minority of participants, and is not considered further. Table 2 shows the influence of age, gender, social economic status, NEI-VFQ sub-scale and total scores on visual impairment. The likelihood of visual impairment increased sharply with age. Females were more likely than males to be visually impaired even after adjustment for age. There was a weak association with Carstairs Index with those living in less privileged areas being less likely to have visual impairment; the association between Carstairs index and reduced visual acuity was similar but appeared stronger. Of the NEI-VFQ sub-scales, selfreported general health was moderately associated with visual impairment and there was no association with ocular pain. Reporting of problems in the remaining VFQ sub-scales and total scores were strongly related to visual impairment. In a subgroup that responded to questions concerning driving, visual impairment was strongly related to increased difficulties with driving. Associations with worst eye as well as better eye acuity were also examined; in general, associations were similar but weaker (data not presented).
As different sub-scales scores may be inter-related (that is, difficulty with general vision may reflect difficulties with near and/or distance vision) the independent influence of these scores on visual impairment was determined (Table  3) . After adjustment for demographic and other sub-scale scores, difficulties with general vision, near activities, and social functioning remained associated with visual impairment. Difficulties with dependency and colour vision were of borderline statistical significance. Odds ratios adjusted for age, gender, and general practice throughout (except for age which is adjusted for gender and practice, and gender which is adjusted for age and practice) † Exposure variable treated as a score. ‡ Slightly lower number of respondents to this domain score, as participants responded that they had stopped going out to see films, plays, or sport events as they were not interested in doing this or due to non eyesight related reasons *Odds ratios for VA<6/18 based on 463 as 4 practices did not have drivers with VA<6/18 The independent influence of visual acuity, binocular status, and differences in visual acuity between eyes on log transformed scores for general vision, near activities, and total VFQ scores was examined using linear regression (Table 4) . Differences in acuity between eyes were defined as less than or equal to a 0.1 difference in LogMAR acuity (equivalent to a difference in Snellen acuity from 6/9 to 6/ 12) or greater, and compared to those with equal acuity. Although overall differences in these scores were small (e.g. inter quartile range 83 to 97 for the total score) compared to the possible range of measurement (from 0 to 100), scores were strongly related to differences in visual acuity, binocular or monocular status, and differences in acuity between eyes. To examine the relative contribution of visual acuity, demographic factors, binocularity, and between eye differences in acuity in explaining variation in total VFQ scores, the correlations of determination (R 2 values) for different accumulative linear regression models are given in Table 5 . The R 2 value gives the proportion of the variability in total scores explained by different exposure variables. For instance, visual acuity alone explains 16% of the variability in the total score. The addition of demographic variables, binocular status, and difference in acuity between eyes results in 27% of the variability being explained (an increase of 19%). Hence, although visual acuity alone, only accounts for less than a fifth of the variability, it appears to be the most important determinant of total VFQ score.
Discussion
In this older population, self-reported difficulties with general vision, near activities, colour vision, vision related social functioning, and dependency on others to perform visual tasks were associated independently with reduced visual acuity and visual impairment. These findings are in agreement with other studies where loss of vision has been found to be associated with increased social isolation, depression [11, 18] , and restriction of daily activities [19] . Reported difficulties with colour vision may reflect the increased likelihood of cataract within this elderly population [20] . These important sub-scale scores can be used to give an independent measure of visual difficulty amongst the elderly. Concerns have been raised about the validity of the NEI-VFQ in a general population, since it was developed primarily amongst those with eye disease, and scores tend to be high and with a limited range of measurement in the general population [12] . The general population used in this study was elderly where visual problems are more prevalent, and a substantial proportion of participants reported difficulties, especially with certain sub-scales. For example, over half reported difficulties with either distance or near activities, and around 40% reported difficulties with role difficulties, mental health and driving, and a quarter problems with peripheral vision. The NEI-VFQ is scored by summing the ranks of responses to certain questions for different domain scores (see Table 1 ), resulting in a Likert scale [21] . A similar approach is used for other visual function questionnaires [21] [22] [23] . This approach assumes that the response to each question are of similar importance, and that each category of response represents an equal interval along a continuous dimension from 'no problems' to 'problems'. However, the intervals at the 'ceiling' and 'floor' of this scale are unbounded, which some argue invalidates the Likert scale derived [21, 23] . In addition, allowing participants not to answer certain questions as being no longer relevant (such as the questions used for distance activities, see Table 2 ), may invalidate the measure further. Despite these caveats we have shown strong associations between certain NEI-VFQ scores and cut-offs in visual acuity describing visual impairment and reduced visual acuity, suggesting that the everyday problems experienced in vision related activities are of considerable concern in this age group.
Visual acuity alone, although showing strong associations with NEI-VFQ scores and useful in population vision testing, is a relatively limited measure of vision performance -only explaining up to a fifth of the variation in total VFQ score (comparable to levels reported in other studies of populations with eye disease e.g. age related macular degeneration and glaucoma) [6, 7] . Adding other factors such as demographic variables (age, gender, and the general practice where subjects were examined), binocular status, and difference in acuity between eyes led to just over a quarter of the variation in total VFQ score being explained. Measures of deprivation were not related to self reported vision function. Hence, although visual acuity alone appears to be the most important determinant of the VFQ score, it only gives a limited measure of visual performance. It is possible that inclusion of a broader spectrum of tests, such as contrast sensitivity, colour vision and assessment of the visual field may provide a more comprehensive picture of visual performance. In addition, there will be a range of other social and psychological factors that influence a person's response to reduced vision. Alas, we collected only limited data on other possible influencing variables such as depression, social circumstances or personality at the follow up visit, as this was not the main focus of our study. Other studies support the conjecture that other measures besides visual acuity are associated with an individuals perception of visual performance [1, 24, 25] .
Although this study showed that self-reported problems on the NEI-VFQ are associated with visual impairment, problems with some domain scores were more strongly associated with visual impairment (such as near activities, distance activities and general vision) than other domain scores (e.g. ocular pain and colour vision). On the basis of the total VFQ score categories (see Table 2 ) taking those classified with poor vision (in the lowest quartile of the VFQ score) as screen positive and the rest as screen negative, would result in a detection rate of visual impairment of 69% (168/242) and a false positive rate of 18% (270/ 1541). Thus approximately 1 in 5 people without visual impairment would be screen positive using this definition. The question referring to driving was more sensitive (93% = 38/41) but had a higher false positive rate (52% = 261/504), and was only answered by 30% of the sample.
Conclusion
We conclude that the NEI-VFQ appears to be a useful instrument for measuring visual difficulties that can be used in studies of elderly people with significant levels of visual impairment. The NEI-VFQ could be usefully employed when it is logistically or financially impossible to examine all subjects [26] . The VFQ measures important difficulties that are strongly related to definitions of visual impairment (based on established cut-offs in visual acuity), which might be used as an additional measure of visual ability.
